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Perioperative nurses use back tables (BT) to set up instruments for surgeries consisting of a single 
surface requiring repetitive lifting due to the stacked trays of surgery tools. Since such actions lead to 
increased physical (heavyweight of trays) and cognitive (reduced visibility and increased access time) 
demand, the new DinamicOR table (DT) has been developed. DT has the height adjustment capability 
and can add up to two shelves providing an extra working area for nurses. We evaluated DT vs. BT by 
conducting a laboratory experiment involving 16 participants, estimating the kinematics, kinetics, and 
collecting their subjective feedback, NASA task load index (NASA TLX), and ratings of perceived 
discomfort (RPE), and the time to complete pre-defined tool-finding tasks. Overall, our results indicated 
that DT was advantageous in terms of kinematics (e.g., smaller maximum shoulder angle, p-
value<0.001), kinetics (e.g., less shoulder moment, ~11% with p-value=0.012), and task completion time 
(p-values<0.0001). Using the DT, participants also reported reduced cognitive and physical workload for 
NASA TLX and RPE measures (p-values <0.004). However, maximum low-back moments are estimated to 
be larger by 12% (p-values<0.01). It is noteworthy that incorporating the DT during an actual surgery 
would reduce the number lift/lower by >60% due to the increased working areas (i.e., no need for 
stacking the surgery tool trays). Therefore, the cumulative physical demand is expected to be smaller for 
both shoulder and low-back areas. We believe that utilizing the DT over BT, particularly for longer 
surgeries such as the total knee replacement, would reduce both physical and mental demands and 
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1. Significance  
Ergonomics plays an essential role in reducing the risks related to injuries and in improving human 
performance. Inside the Operating room (OR), the performance of doctors and nurses has a direct impact 
on patient care. An operating room is a complex workplace setting where perioperative nurses are 
required to perform physically demanding tasks on surgical instrument tray tables. In this section, we will 
talk about the importance of ergonomics in the OR, understand the responsibilities and challenges faced 
by perioperative nurses in an operating room, and discuss the types of surgical instrument tables. 
1.1 Importance of Ergonomics 
Health affects a person’s working life, and working conditions affect a worker’s health. This 
implies a mutual interaction between health and the workplace (Vural & Sutsunbuloglu, 2016)). Poor 
design of tasks, tools, equipment, working environment, and other influencing factors may cause 
workplace injury and trigger various health issues associated with different body regions. ‘Ergonomics’ is 
a combination of scientific disciplines (shown in Figure.1), where human factors, task design, and machine 
design work synchronously to reduce the risks of work-related injury and musculoskeletal disorders 
through a systematic evaluation. It evaluates anatomical, physiological, and psychological stressors in any 
working environment to improve productivity, reduce risks of injury and number of days away from work, 
decrease the economic impact, and increase morale among the workers.  
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Figure 1. Disciplines of Ergonomics (Learneasy.info) 
The International Ergonomic Association (IEA) defines ergonomics as follows: “Ergonomics is the 
scientific discipline concerned with the understanding of interacting among humans and other elements 
of a system, and the profession that applies theory, principles, data, and methods to design in order to 
optimize human well-being and overall system performance” (IEA 2014). It synchronizes all the elements 
that interact with people within a system regarding people’s needs, abilities, and limitations. Ergonomic 
factors directly influence the relationship between work and workers (Babayigit & Kurt, 2013; 
Schlossmacher & Amaral, 2012).  
1.2 Operating Room (OR) Ergonomics 
The Operating room is an area where individual members work together by performing specific 
tasks according to their role for carrying out a surgical operation. For every surgery, set surgical tools and 
equipment are prepared, and each member works in a designated work zone. OR is divided into three 
actual work zones; sterile area, non-sterile area, and anesthesiology area (Figure 2).  
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Figure 2. Operating Room layout   (clinicalgate.com) 
Inside OR, the surgeon, ‘perioperative nurse,’ and assistant nurses work together in the sterile area. The 
anesthesiology area and non-sterile area are a working environment for circulating nurses. They are 
responsible for monitoring patients’ live status. Such dynamic nature of OR makes it a stressful and 
complex workplace setting.  
Due to high physically demanding environment inside OR, there is a significant amount of inherent 
ergonomic risk involved in OR personnel, such as low-back, shoulder, and neck pain due to static awkward 
postures for longer periods and repeated lifting and moving of heavy equipment, etc. These ergonomic 
risks can adversely affect health and deteriorate the performance of OR personnel (Apple & Letvak, 2021). 
To reduce the risk of injuries inside OR, it is imperative to identify the ergonomic risk factors among OR 
personnel and improve their working environment by assessing tasks and equipment. This would help 
minimize the muscle effort and reduce the ergonomic burden on different body regions, thereby 
increasing the performance of OR personnel. Additionally, improving the ergonomics in OR would provide 
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safe patient care, cut down direct and indirect costs associated with injury and illness, and reduce 
absenteeism among the OR personnel. 
1.3 Perioperative Nurses in OR 
Perioperative nurses are registered nurses who assist the surgeon in surgical procedures. These 
nurses work in various clinical settings, including hospital surgical departments, private physicians’ offices, 
clinics, and ambulatory or “day surgery” centers. Perioperative nurses are also known as surgical 
technologists and scrub nurses. The Surgical technologists are certified through a surgical technology 
program accredited by the Commission on Accreditation of Allied Health Education Programs, whereas 
scrub nurses are certified through the nursing license. Irrespective of the certification background, the job 
responsibilities of surgical technologist and scrub nurse overlap. Both of them (either a scrub nurse or a 
surgical technologist ) help set up the OR before the surgery, provide surgical instruments to the surgeon 
during the surgery, and prepare the patient for the move to the recovery room after surgery. However, 
the scrub nurse has additional technical responsibilities like administering medication and monitoring 
vitals.  
The duties of a surgical technologist begin well before the clinical patient is treated and continue 
throughout the surgery. Their initial responsibilities include setting up the OR and ensuring it is sterile and 
ready for the surgical procedure. The setup involves organizing the surgical instruments on a BT and 
arranging equipment like a sponge, catheter, etc., used during the surgery. They have to maintain the 
sterility of the environment by "scrubbing in," which requires them to wash their hands with special 
cleansers and wear sterile clothing and gear, such as a lead gown, gloves, and a facemask before the 
operation procedure commences. 
During the operation procedure, one of the essential responsibilities of the perioperative nurse is 
to support the surgeon by finding the required surgical instrument from the set of instrument trays 
arranged on the BT and passing it to them. The nurse must know which instruments are used for specific 
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procedures and when needed so that the instrument can be handed to the surgeon as quickly as possible. 
The perioperative nurses must be attentive during the surgery and follow the hand gestures from the 
surgeons, which indicates that the surgeons require the next instrument or they are finished using the 
instrument. When the surgeon shows that they are done using an instrument, the perioperative nurse 
picks and cleans it up after use and then places it back on the BT's instrument tray.  
Along with supporting the surgeon, the perioperative nurse has to be vigilant about maintaining patient 
safety. A perioperative nurse also monitors the surgery and ensures that everything is kept sterile during 
the procedure. 
The perioperative nurse's post-surgical procedure includes counting all the surgical instruments, 
sponges, and other equipment and removing it from the OR. Besides this, the nurse helps in applying 
dressing to the surgical site and transfers the patient to the recovery area. In addition to taking care of 
patients while in the OR, the perioperative nurse assists in completing any necessary documentation for 
the surgery or transfer to recovery. 
Perioperative nurses are vital to surgical procedures, and they are often required to work long 
hours, even for a single procedure. In case of emergencies, they may be summoned immediately to assist 
the surgeon with the surgery. Perioperative nurses are expected to have a thorough knowledge of 
operating room procedures and awareness of the instruments used during the surgery. Due to the OR's 
physically and mentally demanding nature, perioperative nurses must constantly perform tasks under 
pressure. Additionally, they must have excellent communication skills since their primary job is working 
synchronously with the surgeon and assisting them with anything they require during the surgery. 
1.4 Working Conditions and Ergonomic Challenges in OR Nurses  
 The general nursing population and other hospital personnel who work outside the OR might be 
unaware of the mental and physical demands of the perioperative environment. OR Nurses have to carry 
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heavy instrument trays that weigh around 15-22 lbs (Sheikhzadeh et al., 2009). Handling these trays 
through multiple surgeries can be physically demanding. Additionally, for specific surgical procedures, the 
poor OR layout design prevents the systematic arrangement of surgical instruments trays on instrument 
tables required during different phases of the procedure (Sheikhzadeh et al., 2009). (Founooni-Fard, 1992) 
reported that other variables (task duration, lifting postures, and frequency, work-station geometry) 
affect the working capabilities of an individual. Currently, the instrument tables inside OR are placed 
behind the scrub nurses, which impels frequent torsion to access the instruments during the surgery. 
Further, working on these instrument tables inherits repetitive lifting of instrument trays during 
the surgery. Considering performance pressure (time), a perception of increased physical demand and 
subsequent stress is created among the OR nurses (Sheikhzadeh et al., 2009). Since the perioperative 
nurses are required to frequently lift heavy instrument trays and stand for long periods of time in awkward 
postures during the surgery, they are susceptible to developing musculoskeletal pain in their lower and 
upper extremities (Choi, 2012). A survey interview conducted by researchers has reported that more than 
80% of perioperative nurses experience back pain due to poor ergonomics inside the OR (Koneczny, 2009). 
Another study assessed the OR environment across multiple specialties and identified that nurses might 
be exposed to the risk of injury due to poor instrument tables (Yasak & Vural, 2019).  
An epidemiological study showed 92.5% of the OR nurses experienced musculoskeletal pain, out 
of which the majority of the nurses reported pain in more than one body region (Asghari et al., 2019). The 
same study demonstrated the need to improve tasks and equipment inside OR to reduce the risk of 
injuries in the shoulder, low-back, neck, forearms, and legs during instrument table setup and set transfer. 
A different study indicated that 55.9% of the OR nurses (n= 147) were at high risk of injury due to the 
instrument tray transfer task and 48.3% due to the instrument table setup task (Abdollahzade et al., 2016). 
Along with physical challenges, OR nurses also experience high mental stress due to the nature of the OR 
tasks. Studies have linked impaired cognitive abilities of the nursing personnel with transient shift 
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rotations (Chang et al., 2011). Several other studies have reported poor OR ergonomics, high workload, 
and inadequate communication in OR as a reason for increased mental stress among OR nurses (Lynne 
Johnstone, 1999; Sauter et al., 1997; Sheikhzadeh et al., 2009; Wauben et al., 2009). Therefore, working 
in an environment with high mental and physical demands may expose OR nurses to the various risk of 
injuries at the workplace. 
1.5 Risks and Injuries associated with OR Nurses 
Musculoskeletal disorders are the most prevalent cause of work-related illness in the US (Punnett 
& Wegman, 2004). Among all the professions, health care is the most affected occupational sector 
(Ibrahim & Mohanadas, 2012; Punnett & Wegman, 2004). Since WMSD’s affect various muscles, nerves, 
and tendons, they are considered one of the leading causes of the lost workday, injury, and illness [OSHA 
2014]. WMSD’s are gradual, and they develop over a period due to various factors. Previous studies have 
associated repetitious movement, awkward postures, and high force levels as the three primary risk 
factors that lead to the development of WMSDs (Silverstein et al., 1990).  
Furthermore, WMSD represents 40% of the amount of compensation for work-related illnesses, 
with annual costs higher than USD 50 billion (da Costa et al., 2015), and frequent days of absence from 
work ranked U.S. nurses second in all industries in 2015 (US bureau of labor statistics 2015). Among all 
health care professional groups, nursing is a very physically exhausting occupation and has the highest 
prevalence rates of work-related musculoskeletal disorders (WMSD) (Hignett, 2003; Nelson et al., 2006; 
Kuber & Rashedi, 2021). Nurses have to deal with the increased physical workload and psychosocial stress, 
both of which have been identified as significant risk factors for developing WMSD’s (Bos et al., 2006; 
Yassi et al., 1995). The most frequently reported MSD body sites associated with nursing work to tend to 
involve the back, neck, and shoulders (Alexopoulos et al., 2003). 
Work-related low back pain costs an estimated $50 to $90.7 billion annually in the United States 
(Yang et al., 2016). According to the Bureau of Labor Statistics (2016), nursing professionals have 
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experienced the highest rate of back injuries among all other occupations. According to a survey report, 
52 % of the nurses have been away from work longer due to low back injury or chronic low back pain. This 
has resulted in nurses changing their profile from OR to general care or switching to a different profession. 
Research shows that 12% of the nurses discontinue their nursing practice annually because of low back 
pain (Motacki & Motacki, 2009). 
 The annual prevalence rate of back injuries amongst the nurses is 40-50 %, and a lifetime 
prevalence of about 35-80 % (Hignett, 1996). A study reported an annual prevalence of 31-48 % of neck 
injuries and 43-53% of shoulder injuries in nurses (Ando et al., 2000; Lagerström et al., 1996; Trinkoff et 
al., 2002). Factors such as frequent heavy lifting at high levels while performing tasks inside OR may 
contribute to shoulder fatigue and induce the risk of injury (Blache et al., 2015). Previous studies have 
found awkward shoulder positions and high physical loads as primary indicators of musculoskeletal pain 
in nurses handling the instrument tray cart (Xu et al., 2013). About one-third of the hospital's workforce 
consists of nursing staff, which makes nursing employees twice as likely to suffer from work-related 
injuries, accounting for almost 60% of the occupational injuries reported (Tinubu et al., 2010). A study 
reported 10% of nurses with back pain did not go to work for over 28 days within a year (Smedley et al., 
1995). (Trinkoff & Brady, 2003) found that 6 % of the nurse population switched their jobs due to neck 
pain, 8 % to shoulder pain, and 11% to back pain.  
1.6 Surgical Instrument Tables 
Surgical instrument tables are stationed in the sterile zone, covered with a sterile cloth (which 
acts as a bacterial barrier), and provide a set‐up area for sterile supplies that the surgeon will require 
during the surgery. The table is made of a non-corrosive metal (stainless steel) and has castor wheels at 
the bottom to move it wherever necessary to provide maximum efficiency during the procedure. The 
nurses who use it, also called surgical technicians, prepare the surgical instruments before the operation. 
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Perioperative nurses work with the surgeons in the sterile area and assist them by supplying the required 
instrument and tools from the surgical instrument table during the operation. 
1.6.1 Back Table (BT) 
 A normal BT is 72 inches wide 30 inches deep, and 34 inches in height, with only one working 
surface, as shown in Figure 3 (a). Due to the constrained space on the table surface, the instrument trays 
are required to be stacked on top of each other, as represented in Figure 3 (b). During the surgery, nurses 
have to repeatedly reach for instruments on the BT required by the surgeon. The stacked formation of 
the trays impels frequent manual maneuver (i.e., lifting) of trays whenever an instrument is to be removed 
from the bottom tray. This can increase the fatigue levels in low-back and shoulder muscles, hence 
creating a negative influence on the ergonomic situation of the perioperative nurse.  
 
(a)                    (b)  
Figure 3. Conventional Back table (a) without instrument setup [global medical solutions] (b) with instrument setup 
[Reuters file] 
1.6.2 DinamicOR Table (DT) 
A DinamicOR table (DT) is 68 inches wide and 30 inches deep on its main (flat) surface. The table 
has 3 different working levels, as shown in Figure 4 (a). In addition to the main surface, it has two 11-inch-
deep surfaces that are angled 200 and 250 degrees, respectively. The table has a height adjustability 
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feature which can be adjusted as per the comfort of the perioperative nurse with the help of a lever 
provided at the backside of the main surface. In its standard configuration, the height of the main (flat) 
surface is 34 inches high from the ground floor. The top deck (first level) and the bottom deck (second 
level) have a height of 55 inches and 48 inches, respectively, from the ground floor. The decks can be 
opened and closed as per the requirement with the help of a toggle handle. The deck feature provides 
ample of space for each instrument tray to be placed separately without stacking them on top of each 
other as shown in Figure 4 (b). 
 
(a)               (b) 
Figure 4. (a) DinamicOR Table without setup (b) Comparison between Back Table and DinamicOR table 
1.7 Assessing the impact of Surgical Instrument Tables 
This section includes various subjective and objective assessment methods used widely to analyze 
the risk of injuries in different workplace settings. In subjective assessment, ratings of perceived exertion, 
NASA-TLX, and postural analysis methods are the most common methods used. For the objective 
evaluation, motion capture systems and force plates have been used mainly for quantifying the risk of 
injuries. The use of these methods and tools in literature is described in the sub-sections below. 
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1.7.1 Subjective Assessment 
1.7.1.1 Ratings of Perceived Exertion 
For the past few decades, the study of human efficiency through perceived exertion for various 
physical activities has become an area of great research interest.  The feeling of exertion is unique to each 
individual and can be subjectively used to estimate the work intensity across a wide range of populations. 
Work intensity is an important factor because of the risks of musculoskeletal injuries and disorders arising 
from a discrepancy between the worker’s physical capability and the physical demands of their job. The 
Ratings of Perceived Exertion (RPE) is a subjective and reliable indicator of monitoring and measuring the 
intensity of physical activity. The general perception of physical exertion results from the integration of 
different symptoms arising from active muscles, cardiovascular and respiratory systems, joints, 
perspiration, possible pain, dizziness etc. (G. A. V Borg, 1982).  
The Borg scale is a well-recognized method and has been widely used for measuring subjective 
estimates of fatigue in a range of exertion studies (BORG & GAV, 1973). The Borg’s CR-10 RPE scale has 
become a standard method for evaluating perceived exertion in exercise testing, training, and 
rehabilitation and has been validated against objective measures of task intensity (G. Borg et al., 1987; 
NOBLE et al., 1983). The scale allows individuals to subjectively rate their level of exertion during any 
physical activity, exercise or task evaluation (American College of Sports Medicine, 2010). The 
measurement is based on the physical sensations a person experiences during physical activity, including 
increased heart rate, respiration or breathing rate, increased sweating, and muscle fatigue. It is a category 
ratio scale consisting of numbers related to verbal expressions, which allows comparison between 
intensities and a determination of intensity levels and has been used for more than two decades (E. Borg 
& Kaijser, 2006; Neely et al., 1992). 
The Borg’s-CR 10 scale numbers range from 0 to 10 (Table 1), where a rating of 0 indicates no effort (rest) 
and a rating of 10 denotes maximal effort. Respondents are asked to rate their exertion on the scale during 
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or after performing the activity, combining all sensations and feelings of physical stress and fatigue. This 
number indicates the intensity of activity and corresponding exertion level. Despite being a subjective 
measure of intensity for physical activities, the RPE scale provides valuable information when used 
correctly. A study showed a strong correlation between the subjective assessment of lumbar muscle  
Table 1. BORG’s CR-10 Scale 
RATING EXERTION LEVEL 
0 Rest 
0.5 Extremely Easy 
1 Very Easy 
2 Easy 
3 Moderate 
4 Somewhat Difficult 
5 Difficult (Heavy) 
6  
7 Very Difficult 
8  
9  
10 Extremely Difficult (Maximal) 
 
fatigue using Borg’s scale with objective measurements of EMG (Dedering et al., 1999). (Kankaanpää et 
al., 1997) demonstrated the use of Borg’s RPE scale to measure back muscle fatigue and suggested that 
the subjective estimate of fatigue is highly correlated with spectral indices of EMG.  Another study 
reported similarities in heart rate index and Borg’s scale score for repetitive manual lifting tasks, 
suggesting that subjective perception can be used to evaluate the fatigue levels for lifting tasks (Yin et al., 
2019). It is important for people conducting research to take enough time for educating the participant 
and ensure appropriate understanding prior to use for meaningful results. (G. Borg, 1998; Whaley & 
Ebbeck, 1997). 
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1.7.1.2 NASA Task Load Index (TLX) 
The processing capacity used during task performance is usually referred to as ‘mental workload’. 
It manifests the relationship between the amount of available resources available and the amount of work 
(task demand) that is expected (Eggemeier, 1988; Wickens, 1992). A task requiring high level of 
concentration results in a more rapid mental fatigue under highly demanding conditions (Haga et al., 
2002). Several studies have extensively documented that mental overload can negatively influence task 
performance (Longo, 2018) and can result in fatigue. For assessing task performance and operator 
workload, subjective measures are becoming an increasingly important tool. One of the most extensively 
used instruments for measuring perceptual, cognitive loads is the National Aeronautics and Space 
Administration-Task Load Index (NASA-TLX). In conjunction with usability measures, it has been used in 
various industries to subjectively obtain the cognitive load estimates of an individual performing tasks and 
assess the task performance(Thakur et al., 2021).  
Many studies have demonstrated the use of NASA TLX for the assessment of mental workload 
perception in the medical domain (Levin et al., 2006; Rutledge et al., 2009; Yurko et al., 2010a). (Metzger 
& Parasuraman, 1999) evaluated the performance of air traffic controllers by using NASA-TLX. Another 
study evaluated the reliability of NASA- TLX used for assessing the subjective cognitive loads of 
cardiovascular critical care nurses and revealed considerable co-relation between their mental workload 
and general experience (Gregg A.C., 1993). NASA TLX is a multidimensional scale consisting of six 20-point 
visual analog subscales used to rate the mental demand, physical demand, temporal (time) demand, 
frustration level, effort level, and performance level.  
The assessment is performed by requesting the respondents to rate mental, physical, and 
temporal demands imposed on them after completing the task, the level of frustration they experienced 
while performing the task, the number of performance concerns they had, and the overall effort required 
to complete the task. Ratings from mental and physical demands provide the level of perceptual workload 
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and the potential influence of physical work on the perception of the mental workload required to 
complete a task. The temporal demand evaluates the measure for time pressure during the completion 
of the task, whereas; the effort component assesses mental and physical work required to perform at a 
certain proficiency level. The frustration component determines the level of stress associated with the 
completion of the task. The sixth and final component, performance, assess the respondent’s degree of 
satisfaction with completing the task. The start and endpoints for the scales used to quantify these 
components are low and high except for performance, whose endpoints are good and poor (Table 2). The 
overall workload index is computed as a weighted average scale of the six original ratings. 
Table 2. Rating scale and Definitions (Sandra G. Hart., 2006) 
 
1.7.1.3 Postural Analysis 
Researchers have linked poor postures with an increase in risks of WMSD development (Ariëns et 
al., 2001; Howarth et al., 2016; Lueder & Corlett, 1996). Some activities have inherent repetitive 
movement and awkward body postures in different occupational settings, leading to specific postural 
alterations. These postural alterations are a major cause of occupational discomfort leading to pain in 
different body regions and persistent strain injuries. (Herberts et al., 1981) adumbrated that task involving 
maneuver at elevated height causes pain & discomfort in the shoulder. In a similar study, it has been found 
that working at a height above shoulder level (arm angle > 600) results in severe shoulder pain ((AARÅS et 
al., 1988).  Also, (Videman et al., 1989) reported awkward postures as a significant reason for the risk of 
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low back pain and injuries in the nursing profession. As a result of this pain and discomfort, there is a 
depression in workers' efficiency. The compensation costs are elevated, affecting a worker’s overall well-
being (U.S department of human health and services, 1997). 
These work-related risks and injuries can be prevented by evaluating the work postures through 
different assessment tools. Postural analysis is a useful tool that can be used to assess other tasks for non- 
neutral postures in various occupational environments. Several studies have used postural analysis to 
investigate poor postures in different occupational settings such as paramedics (Lavender et al., 2000), 
computer professionals (Kaliniene et al., 2016; Sharan & Ajeesh, 2012), nursing professionals ((ENGELS et 
al., 1994; Kułagowska, 2008), forklift and commercial vehicle drivers (Hoy et al., 2005; TAMRIN et al., 
2007), tattoo artists and dentists (Howarth et al., 2016; Keester, 2015), etc. A study demonstrated the use 
of the postural analysis method to assess the working postures of nurses during patient handling and 
suggested that poor posture is a significant contributor for low-back injuries in nurses performing patient 
handling tasks (Hignett, 1996).   
 
Figure 5. Schematic of difference in postures of short and tall individuals performing similar tasks at same 
workstation 
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Since different goals require different approaches, a wide range of postural analysis methods with 
predefined standards have been developed. A study confirmed that 30 different qualified observational 
methods have been used by various industries for body posture assessment and stated that selecting a 
suitable method specific to a study can be challenging. Further, it suggested that for selecting an 
appropriate method, it is important to know the objective and use of the method for assessing the nature 
of work along with resources available for data analysis (Takala et al., 2010). Several other studies have 
reported observational assessment methods to be multifaceted and efficient in terms of time, money, 
and other resources as compared to objective measures (David, 2005; Zare et al., 2014). Among the 
comprehensive assessment tools, RULA, REBA, OWAS, QEC, Strain Index, Snook tables, and NIOSH lifting 
equation are well-known methods widely used (Andreoni et al., 2009).  
1.7.2 Objective Assessment 
1.7.2.1 Motion Capturing System  
For a motion monitoring system, sensors are fundamental elements to measure physiological 
parameters like joint angle, range of motion, and human body posture. High efficiency and accuracy, good 
reliability and sensitivity, small size, lightweight, lower energy consumption, and low processing resources 
are key features for any sensor system (Donno et al., 2008; Tognetti et al., 2015; Tomáš, 2016). An inertial 
measurement unit (IMU) is one such wireless sensor system that uses microelectromechanical (MEMS) 
technology to objectively measure human body joint angles, motion, and different skeletal movement 
patterns in real time. It consists of an accelerometer, gyroscope, and magnetometer, which measures 
three-dimensional acceleration, angular velocity, and the magnetic field vector in local coordinate 
systems. As a single unit, all three sensors are calibrated. Each of their co-ordinate systems acts as an 
orthogonal base that remains aligned with the unit's outer casing (Seel et al., 2014). 
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Due to its small size, precise and accurate capabilities to measure joint motion, IMU’s prove to be 
a reliable source for human joint motion measurements in clinical assessments and research (Favre et al., 
2008; Nguyen et al., 2018; Seel et al., 2014;(Abdollahi M et al., 2021)). The accelerometer in an IMU 
measures the external specific force (i.e., objects linear acceleration and the earth’s gravity) acting on the 
sensor. The gyroscope measures rotational velocity (i.e., the rate of change of sensor’s orientation), which 
provides orientation of the object and helps eliminate the earth’s gravity from the calculations. The 
accelerometer and gyroscope data are measured in three dimensions and synced together to identify the 
position and orientation of an object in 3-D space. However, there may be some magnetic disturbances 
known as noise signals, integrated in the obtained measurements due to other magnetic devices present 
the vicinity which is taken care with the help of magnetometer. The XSENS® sensors are non-invasive 
which can be easily attached to a body segment with use of a wearable strap to estimate the movement 
of that segment in space. Kinematics of movements can be calculated when the sensors are placed on 
different body segments (Figure 6). This system is portable and can be used in various settings(Karvekar 
et al., 2021). 
 
Figure 6. Schematic of inertial measurement unit system 
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1.7.2.2 AMTI Force Plates 
Force measurement is a very useful index to assess the physical development for reducing the risk 
of injuries and improving performance (Kuber & Rashedi, 2020). Human body movements result from 
kinetics (forces and torques) acting on individual body segments while performing any activity. These 
kinetic characteristics can be quantitatively evaluated by using a force platform, as shown in Figure 7 (b). 
The working principle of force plates is based on Newton’s 2nd and 3rd law of motion, which respectively 
states that force is directly proportional to change in velocity of an object and to every action, there is an 
equal and opposite reaction. So, when a person walks, a vertical force is applied to the ground, and in 
reaction, the ground exerts an equal amount of force (known as ground reaction force) back on the 
person’s body which helps the individual propel in a forward direction and suggests that forces vary with 
variation in movements. Force plates are designed to be sure these ground reaction forces and moments 
are involved in human movements. 
 
(a)          (b) 




Forces within the force plates are measured with the help of a force transducer (also known as a 
load cell), whose function is to measure and transduce the physically applied forces on a force platform 
into electrical signals (Soloman, 2010). When force is applied on force plates, the load cell receives an 
“excitation” voltage input, which produces a different electrical current proportional to the load 
experienced by the transducer (Boyes, 2009). Typically, the forces that are transduced with individual 
sensors within force plates are summed to obtain a single resultant force as an easy to interpret measure 
of performance. In a force plate with four vertically oriented load cells, the forces measured by each 
sensor are summed to give the total vertical force. Likewise, in a force plate with load cells oriented in the 
anterior-posterior directions, the total force in the anterior-posterior direction is the sum of measured 
forces in all the anterior-posterior cells. A typical tri-planar force plate is constructed with four three-
component load cells, with each cell measuring force in the X, Y, and Z direction (Lees, A & Lake, M., 2008). 
The four cells are arranged in each corner of the force plate, allowing for calculating the moments about 
the axes, center of pressure and center of force from the individual cells, and their location on the force 
plate. 
1.8 Research Gap 
Right from its inception, healthcare has been an integral part of our society, and among all other 
healthcare settings, Operating Room (OR) has been given prime importance due to its complex nature 
and stressful environment where the OR personnel are required to perform a variety of physically 
demanding tasks. It is intriguing that even with the advent of technology, certain ORs have not updated 
their working environment, design, and equipment for almost 15-20 years (Sheikhzadeh et al., 2009).  
In recent years, there have been many research and technological advancements for improving the 
ergonomics of the operating room, but most of this research has been focused on the surgeon’s operating 
table. Very few studies have been conducted towards improving the ergonomics of equipment (especially 
 27 
the BT) used by perioperative nurses in an operating room. According to the U.S bureau of labor statistics 
(2018), about one-third of the healthcare workforce comprises nursing professionals.  
A study demonstrated that 88% of the nursing population worked as a perioperative nurse for at 
least 5 years in their professional life, with 95% female (Johnstone, 1999). Existing BT impels awkward 
body postures and repetitive lifting tasks during the surgery, which can put the perioperative nurse at risk 
of neck, shoulder, and low-back injury. The risk of injury varies according to the type of surgery performed 
since different surgeries have different operating times and require different instruments. For an open 
surgery (e.g., an orthopedic operation), the risk of injury is greater than other surgeries because of the 
longer preparation time, extensive range of surgical instruments, and high frequency of repetitive 
movements for more extended periods. A single surgery can have 20 trays of instruments, with each tray 
weighing about 18 lbs. to 25 lbs. (Sheikhzadeh et al., 2009). In addition to this, open surgical procedures 
require adequate space to accommodate the instruments required in different phases of operating 
procedures. 
  There is not enough space available for the nurses to arrange the instruments on a conventional 
BT, so they have to stack the trays one on top of the other. This makes it difficult for them to access the 
instruments during the operation since they have to lift trays each time when an instrument is required 
to be removed from the bottom tray. This task urges the need for frequent awkward bending and lifting 
of heavy trays during the pre-operative, intra-operative, and post-operative surgical procedures, which 
put the shoulder and low back at risk of injury.  During the surgical procedure preparation, the nurses 
have to constantly look down to organize the instrument trays on the surface of the conventional BT. This 
puts the neck of nurses with different heights at risk of injury due to fixed BT surface height. Also, the 
static design of the conventional BT forces the nurse to bend the trunk and the body to find and remove 
the instruments required by the surgeon. So, as perioperative nurses play an extensive and significant role 
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in an operative room, we must improve their ergonomic working conditions. To enhance the nurses' 
performance and reduce body stress, DinamicOR developed a new table (DT).   
1.9 Research Goal/ Hypothesis 
This study aimed to perform an ergonomic assessment of the new BT designed by DinamicOR (i.e., 
DT), compare the results with the conventional BT, and suggest suitable improvements for the design to 
reduce the risk of injuries and enhance the performance of perioperative nurses (surgical technologists). 
The outcome of this study will demonstrate a quantitative comparison of performance and risk of 
fatigue/injury between the two tables. It is expected that the new BT design will help lower muscle 
demand in the low-back/shoulder by reducing the frequency of lifting exertions. The height adjustability 
feature of the new table will possibly improve the working posture by allowing the table height to match 
individual body height. It is hypothesized that the new table would lead to better nurses’ performance 
(e.g., faster access to target instrument) and less muscle fatigue, leading to the reduced risk of 
musculoskeletal disorders.   
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2. Approach 
To assess the ergonomic design of the DT, ergonomic stressors were evaluated through a task 
simulation similar to the actual work done by perioperative nurses in OR, on two separate tables (i.e., DT 
and BT) as detailed in Section 2.2. Figure 8 displays the tools and methods used for the objective 
evaluation of both tables.  
 
Figure 8. Tool and Methods used for Objective Evaluation 
The participants (described in section 2.1, Participants) of this study were asked to perform these 
simulated tasks of lifting and holding the instrument trays and finding the instruments from the 
instrument trays placed on BT/DT. An automated digital voice timer was used for signaling the tray lifting 
and holding time (as described in section 2.2.1), and a digital stopwatch was used to record the instrument 
finding time during the surgery simulation task (as described in section 2.2.2). At the end of each trial on 
BT, discomfort level of the participants was recorded using Borg’s CR-10 scale for rating of perceived 
discomfort. Upon completion of all trials on BT, participants were asked to report their cognitive load on 
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the NASA-tlx scale. Similar procedures were followed for DinamicOR table. Figure 9. Illustrates the 
approach for subjective evaluation. 
 
Figure 9. Tools and Methods used for Subjective Evaluation 
Electronic data from Xsens® (IMU) sensors, force plates, and reflective markers was collected 
separately for all the participants during the experimental sessions. Data obtained from Xsens® sensors 
were processed for extracting the shoulder and trunk flexion-extension angles. In addition to this, data 
obtained from force plates and reflective markers were processed to evaluate the moments at low-back. 
All the data processing and analysis were done using MATLAB® and JMP® pro 16.0 software.  The output 
from subjective and objective evaluation was used as a measure for quantitative comparison between 
both the tables. 
2.1 Participants 
The study involved local student population of male and female participants with no knowledge 
of operating room nursing. An effect size approach was used to determine the population sample size. 
Considering a power of 0.7 and Type I error = 0.05, 16 participants were required to detect “large” effect 
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sizes (i.e., ω2 ≥ 0.15) (Keppel & Wickens, 2004). Therefore, sixteen participants (8 male, 8 female) with age 
groups ranging from 18-50 years were recruited from a local community through a socio-demographic 
questionnaire. The inclusion criterion for the participants was (a) no current or recent history of shoulder, 
neck, low back, and lower-body injuries (b) no current or recent history of work-related musculoskeletal 
disorders (WMSDs) (c) moderate exercise for 2-3 days per week and, (d) body mass index 16 < BMI < 30. 
Table 3 represents the demographics and anthropometric data of all the participants. 
Table 3. Participants Demographics and anthropometrics 
Gender N 






Avg. BMI (Kg/m2) 
Male 8 22.3 (3.24) 71.56 (10.91) 1.74 (0.07) 23.61 (3.28) 
Female 8 22.4 (3.81) 65.88 (9.09) 1.65 (0.04) 24.15 (2.96) 
Total 16 22.35(3.53) 68.72 (10.44) 1.7 (0.07) 23.88 (3.14) 
 
Prior to the experimental session, an instruction document demonstrating the steps of experimental 
tasks was handed over to the participants to prepare them for the experiment. The instruction document 
was provided to ensure that uniformity was maintained between all the participants experimenting. 
Before commencing the data collection, the participants were asked to read and sign an informed consent 
form mandated by the Institutional Review Board (IRB) at Rochester Institute of Technology.  
2.2 Experimental Protocol 
Participants were briefly informed about the experimental procedures and tasks before the data 
collection session. They performed two tasks (table setup and surgery simulation) per trial. The table setup 
task consisted of lifting, holding, and placing the instrument trays on the two tables. The surgery 
simulation task required the participants to find and remove the instrument asked by the researcher from 
the set of instrument trays placed on the table.  Each participant performed a total of 10 trials (5 on DT 
and 5 on BT).  The trails on each table were performed in succession, and the sequence of tables used for  
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performing the experiment was randomized. Followed by the information session, the consent form was 
collected from all the participants. Participants were familiarized with Borg’s CR- 10 scale for ratings of 
perceived discomfort and NASA-tlx scale before starting the experimental tasks. Ratings of perceived 
discomfort (RPD) were calibrated for each participant individually. For calibration, participants were asked 
to lean against the wall and bend their knees at a 90-degree angle, as conducted in previous studies 
(Rashedi et al., 2014; Rashedi & Nussbaum, 2015). The time frame of the experimental protocol is 
presented in Figure 10. 
 
Figure 10. Timeframe of Experimental Protocol 
The experiment setup consisted of two different surgical instrument tables (i.e., BT and DT), an 
instrument tray cart, and a set of four surgical instrument trays.  The instrument tray cart had a fixed 
surface height of 30 inches high from the ground floor. The instrument trays used had fixed weights 




Figure 11. Shows image of experimental setup. The position of the instrument tray cart and the table is fixed. 
Participants will stand on the force plates within the red tape while performing the experiments. 
The position of the instrument tray cart was fixed throughout the entire experimental session. 
After completing the experimental session on one of the two instrument tables, that table was moved out 
from the experiment zone. The other table was moved and placed in the same position as the first table. 
The position of the instrument table was marked with red floor tape to prevent any possible variations in 
the outcome. Further, Xsens® motion capturing sensors were attached to participants' upper body 
segments, and 3 reflective markers were placed on their body (one on their low back and two on their 
posterior superior iliac spine (PSIS), respectively). After attaching the sensors and markers, each 
participant was asked to stand on the force platform marked with red tape, as displayed in Figure 11. 
While the participants were performing the table setup task, data from the force platform, Vicon 
camera®, and Xsens® sensors was collected at a sampling frequency of 1000 Hz, 100 Hz, and 60Hz. Xsens® 
motion capture system (IMU) was used to obtain the kinematics (flexion-extension angles) instead of a 
conventional observation method for reducing the errors and improving the accuracy of the postural 
analysis results. Experiments were divided into three different tasks as described in sections 2.2.1, 2.2.2, 
 34 
2.2.3. Besides these screening tools, force plates and reflective markers were used to evaluate the forces 
and moments at low back during lifting tasks on each table. 
2.2.1 Table Setup 
The setup task was performed separately on each table. For this task, the participants were 
provided with four surgical instrument trays. Each participant was asked to lift the trays from the set of 
instrument trays provided on the tray cart, hold it for approximately 15 seconds at waist height (as shown 
in Figure 12 (a)) and then place it on BT or DT. For BT, the participants were asked to place and stack the 
instrument trays on top of each other with three trays per stack (Figure 12 (b)). For DT, the participants 
were asked to place the instrument trays on shelves provided at different heights, as displayed in Figure 
12 (c). After the setup task on each table was completed, participants were asked to inform their 
discomfort level measured on Borg’s CR-10 scale (Table 1).  
 
             (a)       (b)                   (c) 
Figure 12. (a) Participant held the tray for 15 seconds before placing it on the table, (b) Table setup on BT, (c) Table 
setup on DT 
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2.2.2 Surgery Simulation 
This task aimed to assess the performance factor and cognitive loads on the DT and the BT. This task was 
performed in succession with the table setup task. After the RPD was recorded, the participants were 
asked to find and remove an instrument tagged with a specific color (Figure 13), from amongst the set of 
four instrument trays positioned on the DT/BT. (For Ex: the experimenter said to give him an instrument 
tagged with green color from tray number 7). Further, the time taken to remove the instrument was 
measured for every instrument asked to be removed from the trays on each of the table. The researcher 
provided a start signal to the participant and used a digital stopwatch to record the instrument finding 
time during the surgery simulation task. Post completion of all five trials on each table, the participants 
were asked to report their mental and physical loads on the NASA-tlx scale. 
 
Figure 13. Instrument tagged with color for surgery simulation (instrument finding) task 
2.2.3 Usability Questionnaire 
Usability relates to ease-of-use; accordingly, usability testing incorporates the perspectives of users 
to validate a product’s ease-of-use (Nielsen, J., 1994; Kuber, P. M., 2020) Usability testing is a tool for 
measuring the effectiveness, efficiency, and satisfaction with a given product as rated by users (Lee 
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et al.). Once the physical tasks are completed, questionnaires (Table 4) were provided to each 
participant and feedback was collected from them to interpret the usability and obtain design 
improvement suggestions for DinamicOR versus the conventional table.  Based on the participants’ 
suggestions, improvements will be incorporated and integrated into potential practical interventions to 
further enhance the DinamicOR design. 







Did you feel any discomfort in the Neck while lifting and reaching trays on the top, middle and 
bottom shelf of the table? If yes, please specify.  
2 
Did you feel any discomfort in Shoulders while lifting and reaching trays on the top, middle and 
bottom shelf of the table? If yes, please specify. 
3 
Did you feel any discomfort in the Low back while lifting and reaching trays on the top, middle 
and bottom shelf of the table? If yes, please specify. 
4 Were the instruments from the trays on top shelf and middle shelf easily visible? 
5 Did you feel any need to have an adjustable table or shelf height?  
6 Were you easily able to locate and identify tools from the trays? 
7 Do you feel the table is cumbersome to use? If yes, why? 
8 On scale of 1 to 5 how comfortable were you using the DinamicOR table? 
9 Do you have any specific feedback that you would like to share? 
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2.2.4 Experimental Design  
A 2 x 4 x 2 design was implemented with three independent factors: table design (BT, DT), tray level 
(level 1, level 2, level 3, level 4), and gender (Male, Female). Work Posture, Low-back loads, fatigue levels, 
and performance were evaluated as participants completed the table setup and surgery simulation tasks. 
A repeated measure design was used in which each participant completed two tasks per trial, with five 
subsequent trials on each table. 
2.2.5 Table Height  
Among the two instrument tables used for the experiment, the DT had an adjustable table height 
feature. To gain insights into the effectiveness and usability of this feature, the work surface height of the 
DT was adjusted six inches below the elbow height of each individual participant. This standard was 
adopted from the earlier studies, which have recommended ideal table-work-surface height for light 
/medium assembly tasks to be four to eight inches below the elbow height of an individual (Ayoub, 1973).  
2.3 Data Analysis 
2.3.1 Biomechanical Model 
Several methods can be used to estimate the low back moments and shoulder moments. One of the 
methods for estimating low back moments is the Bottom-Up approach (Schipplein et al., 1990) which uses 
force plates data to obtain ground reaction forces. This approach calculates forces and moments at 
intervertebral joints by applying the equations of motions to links representing the lower legs, upper legs, 
and pelvis, respectively. This study used a bottom-up approach for evaluating the moments acting on the 
low back. A single segment link-segment model was constructed, based on an assumption of 0-degree 
knee flexion while performing the lifting tasks when standing (knuckle and above as origin and 
destination) (Figure 14), and was based on observations during pilot studies.   
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For this study, the following assumptions were made with respect to the biomechanical model. 
 The entire lower body was considered as a single link segment connected to the low back. 
 Both the arms were considered as single link segments connected to the left and right 
shoulder, respectively. 
 The length of the link segment was assumed to remain constant during the movement, and 
the lifting task was considered as a lever system. 
 For calculating the moments at the low back and shoulder, movement of the link segment 
was considered quasi-static. 
 
Figure 14. A schematic depicting an illustration showing a link-segment model of a person performing a lifting task 
(top-right) along with co-ordinate system (top-left) 
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(a)         (b) 
Figure 15. (a) A schematic depicting an illustration showing a biomechanical link-segment model for estimating 
loads on low back, (b) A schematic depicting an illustration showing a biomechanical link-segment model for 
estimating loads on shoulder 
 
𝑀𝐵 =  𝐹𝑙𝑤 ×  𝑟𝑙𝑤  −  𝐹𝐺𝑅𝐹 × 𝑟𝑒𝑥𝑡𝑏 
𝑀𝑠 =  𝐹𝑎𝑤 × 𝑟𝑎𝑤  +  𝐹𝑒𝑥𝑡 × 𝑟𝑒𝑥𝑡 
Flw = Force generated due the lower body segment 
FGRF= Ground Reaction Force 
Faw= Force generated due to arm weight 
Fext = Force generated due to external weight (instrument trays) 
rlw = moment arm of the force acting on lower body segment 
rextb = moment arm of the center of pressure 
raw = moment arm of the force due to arm weight 
rext = moment arm of the force due to external weight 
MB = Moments generated at low back (L5/S1) 
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Ms = Moments generated at shoulder 
2.3.2 Analyzing the Motion capture system and Force-plate Signals 
The collected motion/force data obtained from Xsens®, Vicon camera and force plate was 
imported and analyzed in MATLAB software (Natick, Massachusetts, USA). Figure 16 (a) and 16 (b) 
illustrates the data collected using Xsens® system in real world environment and virtual environment 
respectively. The Xsens® sensor data (Figure 17) was processed for extracting the shoulder and trunk 
flexion-extension angles, and shoulder moments. Along with the kinematic data, coordinates of the joints 
for hands and shoulders were also extracted from XSens® software.  
The shoulder moment arm was calculated by subtracting the vectors between the two joints. 
Critical points representing the maximum distance between the hand and the shoulder were identified 
for each tray throughout the lifting task. This was also considered to be the maximum moment arm. 
Moments around the shoulder joint were calculated (shoulder loads) for these critical points, by 
performing cross product of the weight of the tray (held by the participant) and the calculated moment 
arm (Figure 15 (b)). The resulting values were then averaged over each trial (multiple trays were lifted 
during each trial). 
 
              (a)              (b) 
Figure 16. Snapshot of (a) Participant placing tray on DT, (b) Participant view in the virtual (Xsens®) environment 
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Figure 17. Joint Angle Output from the Xsens® System 
Similarly, low back loads were estimated with the help of kinematic (VICON®) and force plate data 
(AMTI®), using a bottom-up approach. For constructing a biomechanical model, positions of the L5/S1 
joint, COP, and Center of Mass (COM) of the lower body were calculated. The COM locations and the 
position of the L5/S1 joint were obtained using an anthropometric database (ANSUR II) and the 
coordinates of the three markers located on the low back of the participant. While the equipment 
provided the COP location, the position of the L5/S1 joint had to be calculated as a fixed distance (4 cm) 
inside the back surface of the body (obtained through reflective markers placed on the posterior superior 
iliac spine/PSIS region of the participant). Figure 15 (a) illustrates a biomechanical link-segment model for 
estimating loads on low back. Further, the force plate and marker data were  processed in MATLAB® for 
evaluating the low back moments. Figure 18 (a) and (b) provides a graphical representation of the Low 
back loads in MATLAB for the table setup task on DT and BT respectively. 
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(a)         (b) 
Figure 18. Graphical representation of the Low back loads in MATLAB for the table setup task on (a) DT, (b) BT 
2.3.3 Statistical Analysis 
The two biomechanical models provided the shoulder and low back loads representing the kinetics, 
while kinematics consisted of maximum joint angles from the neutral position of both shoulders and trunk 
of each participant. The resulting values were then averaged over each trial (multiple trays were lifted 
during each trial). The instruments finding time, physical discomfort (RPD) levels, cognitive loads (NASA-
TLX), joint angles, shoulder moments and low back moments were tabulated and imported to JMP® Pro 
16.0 software. Statistical analysis was performed on all these dependent measures using a significance 
level of 0.05. The dependent variables were fit in a linear regression model with ID, gender, table, and 
tray. The ID and gender were nested, and their effect was randomized. A full factorial model effect was 
constructed, and linear regression analysis was performed, emphasizing the effect leverage. Further, for 
post-hoc analysis student’s t - test and Tukey’s HSD test was performed to see the effect of interaction 
between the factors on the independent variables. The summary statistics obtained were used to 
compare the two tables. 
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3. Results 
3.1 Overall Performance 
The subjective and objective evaluation were performed on the two tables (i.e. DT and BT). Significant 
findings were discovered through these evaluations. Table 5  displays summary statistics of the Analysis 
of Variance (ANOVA) and respective p-values for the dependent factors of kinetcs, kinematics, NASA-tlx 
and RPE. 
Table 5. Summary Statistics of the Analysis of Variances (ANOVA) and respective p-values for the dependent 
factors of Kinetics consisting of Shoulder Moments (SM), Low-back Moments (LBM); kinematics consisting of Left 
Shoulder Angle (LSA), Right Shoulder Angle (RSA), Trunk Angle (TA); Subjective consisting NASA-TLX measures of 
Mental Demand (MD), Physical Demand (PD), Frustration (F), Effort (E), and Temporal Demand (TD) and 
Performance (P); and Ratings of Perceived Exertion in Neck, Shoulder, Forearms, Low-back, Legs; and Efficiency of 
surgery simulation consisting of Instrument Finding Time, for the main and interaction effects of the dependent 
factors of Table design (TD), Gender (G) and Tray Level (TL). (Significant differences are highlighted in bold) 








Kinetics SM <0.001 0.023 <0.001 <0.001 0.56 0.025 
LBM <0.001 0.048 <0.001 0.026 0.001 0.012 
Kinematics LSA 0.96 0.31 <0.001 <0.001 0.38 0.89 
RSA <0.001 0.46 < 0.001 <0.001 0.014 0.98 
TA 0.87 0.52 <0.001 0.007 0.002 0.026 
NASA TLX MD <0.001 0.26 1.000 1.000 0.44 1.000 
PD <0.001 0.048 1.000 1.000 0.17 1.000 
F 0.005 0.81 1.000 1.000 0.047 1.000 
E <0.001 0.2 1.000 1.000 0.007 1.000 
TD 0.002 0.48 1.000 1.000 0.002 1.000 
P 0.002 0.035 1.000 1.000 0.70 1.000 
RPE Neck 0.090 0.28 - - 0.001 - 
Shoulder 0.001 0.21 - - 0.014 - 
Forearms 0.001 0.05 - - 0.044 - 
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Low-back 0.016 0.47 - - 0.32 - 
Legs <0.001 0.72 - - 0.68 - 
Efficiency Time <0.001 0.46 <0.001 <0.001 0.78 0.44 
 
Table 6 displays the results of the laboratory assessment depicting the kinetics, kinematics, cognitive 
loads, physical discomfort and performance of the male and female participants while performing tasks 
on both tables. Highlighted bold values in Table 6 indicate a statistically significant difference between 
the tables and the gender. The objective assessment findings suggest that BT performed better in terms 
of the low back moments whereas DinamicOR had better results with shoulder moments. Both the kinetic 
factors showed a significant difference (p < 0.0001) between the tables and  within the gender.  
Participants who performed tasks on BT displayed high shoulder moment values as compared to DT. 
On the contrary, high lowback moments were obsereved in participants who performed tasks on DT 
compared to BT. A noticeable significant difference was observed in the shoulder and lowback moments 
between the genders on DT. Among all three kinematic factors, only the right shoulder angle (RSA) 
displayed a significant difference (p < 0.0001)  between the tables and the gender. BT showed lower values 
of the right shoulder angle (RSA) than the DT. In terms of the performance of the tables, a significant 
difference (p < 0.0001)  was observed while performing the surgery simulation task on both tables. 
Participants took relatively very less time to find instruments on the DT as compared to BT.  
Table 6. Results of the laboratory assessment depicting the kinetics consisting of Shoulder Moments (SM), Low 
Back Moments (LBM); kinematics consisting of Left Shoulder Angle (LSA), Right Shoulder Angle (RSA), Trunk Angle 
(TA); NASA-TLX measures consisting of M Mental Demand (MD), Physical Demand (PD), Frustration (F), Effort (E), 
Temporal Demand (TD) and Performance (P); Time; and Ratings of Perceived Discomfort in Neck, Shoulder, 
Forearms, Low Back, Legs. 
Category Factor Table Overall Female (f) Male (m) 
f vs. m (p-
value) 
Kinetics SM 
BT 31.9 (4.0) 30.3 (3.3) 33.4 (4.1) 0.1151 
DT 27.8 (4.1) 26.2 (3.5) 29.5 (4.0) 0.0594 
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BT vs. DT (p-value) <.0001 <.0001 <.0001 - 
LBM 
BT 77.5 (19.1) 70.3 (17.9) 84.8 (17.7) 0.3493 
DT 86.3 (21.6) 76.4 (19.5) 97.4 (18.6) 0.045 
BT vs. DT (p-value) <.0001 0.0015 <.0001 - 
Kinematics 
LSA 
BT 82.0 (15.8) 79.4 (16.6) 84.5 (14.8) 0.8535 
DT 81.8 (21.3) 77.9 (23.4) 85.8 (18.5) 0.6046 
BT vs. DT (p-value) 0.96926 0.9165 0.9343 - 
RSA 
BT 38.3 (12.8) 37.7 (13.88 38.9 (12.0) 0.9964 
DT 84.1 (21.0) 80.5 (22.3) 87.7 (19.4) 0.5973 
BT vs. DT (p-value) <.0001 <.0001 <.0001 - 
TA 
BT 29.6 (9.9) 29.3 (10.4) 29.9 (9.7) 0.9979 
DT 29.7 (11.4) 32.3 (12.1) 27.2 (10.1) 0.4793 
BT vs. DT (p-value) 0.87024 0.0927 0.1527 - 
NASA TLX 
MD 
BT 28.1 (22.5) 33.8 (29.5) 22.5 (8.4) 0.5663 
DT 19.0 (16.3) 23.1 (20.2) 15.0 (9.8) 0.7847 
BT vs. DT (p-value) <.0001 0.002 0.0504 - 
PD 
BT 71.3 (21.3) 80.0 (14.8) 62.5 (23.3) 0.2533 
DT 59.4 (22.9) 70.6 (17.5) 48.1 (22.4) 0.0861 
BT vs. DT (p-value) <.0001 0.0024 <.0001 - 
F 
BT 46.9 (25.9) 46.3 (23.0) 47.5 (29) 0.9997 
DT 40.6 (28.6) 44.4 (26.6) 36.9 (30.5) 0.9435 
BT vs. DT (p-value) 0.00498 0.9288 0.0045 - 
E 
BT 62.5 (24.4) 67.5 (24.9) 57.5 (23.1) 0.823 
DT 52.2 (25.5) 62.5 (26.4) 41.9 (20.2) 0.2875 
BT vs. DT (p-value) <.0001 0.267 <.0001 - 
TD 
BT 42.5 (24.4) 45.0 (26.8) 40.0 (22.0) 0.9785 
DT 38.5 (25.4) 45.0 (29.3) 31.9 (19.0) 0.7232 
BT vs. DT (p-value) 0.00193 1 0.0001 - 
P 
BT 32.5 (25.1) 43.8 (30.1) 21.3 (10.4) 0.0917 
DT 24.7 (22.6) 35.0 (27.2) 14.4 (8.6) 0.1407 
BT vs. DT (p-value) 0.00189 0.0616 0.1999 - 
Performance Time 
BT 4.7 (2.1) 4.8 (2.2) 4.7 (2.1) 0.9552 
DT 1.3 (0.7) 1.3 (0.6) 1.2 (0.4) 0.8583 
BT vs. DT (p-value) <.0001 <.0001 <.0001 - 
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Category Factor Table Overall Female (f) Male (m) 




BT 2.6 (2.4) 3.4 (2.8) 1.8 (1.7) 0.2463 
DT 2.2 (1.7) 2.3 (1.6) 2 (1.9) 0.9917 
BT vs. DT (p-value) 0.0896 0.0034 0.7002 - 
Shoulder 
BT 4.2 (2.3) 5 (2.5) 3.4 (1.6) 0.1877 
DT 3.4 (2.0) 3.5 (2.3) 3.2 (1.6) 0.973 
BT vs. DT (p-value) 0.0011 0.0004 0.9313 - 
Forearms 
BT 5.4 (2.2) 6.3 (2.2) 4.4 (1.8) 0.0435 
DT 4.4 (2.1) 4.8 (2.2) 3.9 (1.9) 0.6114 
BT vs. DT (p-value) 0.0003 0.0005 0.6383 - 
Low Back 
BT 4.0 (2.2) 4.4 (2.0) 3.5 (2.3) 0.7954 
DT 3.5 (1.8) 3.8 (1.6) 3.3 (2.1) 0.9555 
BT vs. DT (p-value) 0.016 0.0765 0.7382 - 
Legs 
BT 2.4 (1.6) 2.5 (2.0) 2.2 (1.1) 0.974 
DT 1.9 (1.5) 2 (1.8) 1.8 (1.2) 0.9911 
BT vs. DT (p-value) 0.0001 0.0145 0.0696 - 
 
The findings from subjective assessment suggest that DT performed better than the BT in all the NASA-
tlx measures. A significant difference was observed between BT and DT with respect to effort (p < 0.0001) 
required to perform the tasks, performance (p < 0.001), frustration (p < 0.005), mental demand (p < 
0.0001), temporal demand (p < 0.001), and physical demand (p < 0.0001). Performing tasks on BT showed 
increased frustration levels and lower performance among all the participants. They felt performing tasks 
on BT were more physically and mentally demanding, and required high effort to accomplish the task 
compared to DT. Similar findings were observed for the ratings of perceived discomfort in both tables 
(except for the neck region). Participants reported significantly higher discomfort in the shoulder (p < 
0.001), forearms ( p <0.001), lowback ( p < 0.05), legs (p < 0.0001) while performing lifting and lowering 
tasks on BT as compared to DT. Further, based on the questionnaire feedback from the participants, 
DinamicOR received a comfort score of 3.8 on a scale of 5 whereas BT received a comfort score of 1.7. 
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3.2 Post – Hoc Analysis 
3.2.1 Kinetics 
A significant difference in the shoulder moments can be seen between the two tables on the first 
and second levels (Figure 19). Lifting and placing instrument trays on the first two levels of the BT required 
higher shoulder moments to accomplish the task than DT. The third and fourth level on both tables had 
almost similar shoulder moment values. In contrast with the shoulder moment findings, a significant 
difference was observed between both the tables regarding the low back moment. DT displayed higher 
average low back moment values (as shown in Figure 20) while lifting and placing trays on level 1, level 3, 
and level 4 compared to the BT. Placing trays on Level 2 on both the tables displayed almost similar 
average low back moment values. 
 
 
































Figure 20. Low Back Moments (Nm) while placing the instrument trays on four different levels on BT & DT 
3.2.2 Time as a Measure of Performance 
The performance of the tables was measured using the time required to find the instruments from 
the instrument trays placed on both tables. The graph below (Figure 21) depicts participants' average time 
(and standard deviation) to find the instruments from the instrument trays placed on both the tables 
during the surgery simulation task. It can be seen that DT outperformed BT in terms of the time required 
to find an instrument on all four levels. The average time to find the instruments on BT from each level 
was significantly higher (p < 0.0001) than on DT. Participants spent more time on finding instruments from 
the tray placed on level 1 and spent the least on finding instruments from the tray placed on level 4 on 


































The post-hoc analysis confirmed no significant difference in the trunk flexion angle while placing 
the instrument trays on different levels on both tables (Figure 22). However, the average value of trunk 
flexion angle while placing the instrument tray on level 1 of DT was more than BT. On the other hand, the 
average value of trunk flexion angle while placing the instrument tray on level 2 of DT was less than BT. 
Placing the instrument trays on levels 3 and 4 on both the tables yielded almost similar average trunk 
































Figure 22. Trunk Flexion-Extension angle while placing the instrument trays on four different levels on BT and DT 
In contrast with the findings for the average value of left shoulder flexion angle displayed in Table 
1 a significant difference was observed between the average left shoulder flexion angle while placing the 
trays on level 2 and level 4 on both tables (p- values < 0.0001, Figure 23). The BT had a high average value 
of left shoulder flexion angle while placing the tray on level 2 whereas DT had a high average value of left 
shoulder flexion angle while placing the tray on level 4. Meanwhile, there was no significant difference 
between the two tables for the average left shoulder flexion angle value while placing trays on level 1 and 



























Figure 23. Left shoulder flexion-extension angle (LSA) while placing the instrument trays on four different levels on 
BT and DT 
The graph below (shown in Figure 24) displays the average right shoulder flexion angle value while 
placing trays on four different levels on BT and DT. There is a significant difference between the average 
right shoulder flexion angle values while placing trays on all four levels on both tables. DT shows a high 
average value of right shoulder flexion angle as compared to BT. These findings concur with the results 


































Figure 24. Right shoulder flexion-extension angle (RSA) while placing the instrument trays on four different levels 
on BT and DT 
4. Discussion 
Inside OR, setting up the instrument trays on BT prior to the surgery and quickly providing instruments 
to the surgeon during the surgery are some of the most important tasks that perioperative nurses have 
to perform. Performing these tasks with high efficiency and without any risk of injury is of utmost 
importance. In this study, we investigated the potential differences between BT and DT for evaluating the 
risk of injuries and performance of perioperative nurses. A controlled laboratory assessment was 
conducted using simulated OR tasks (lifting of instrument trays for setup and finding instruments on each 
table) by recruiting 16 participants on BT and DT. All objective (kinetics, kinematics and time 
measurement) and subjective (NASA-tlx and Ratings of perceived discomfort) measures were recorded 





































shoulder and low back moments, and range of motion as objective measures to compare the two tables 
for assessing the risk of injuries in shoulders, low back and trunk. For obtaining participants’ shoulder and 
trunk motion IMU XSens® sensors were used because of their higher accessibility and portability(Abdollahi 
et al., 2020; Ashouri et al., 2017). VICON® and force plate data were used to capture the force data and 
low back movement while performing tasks on both tables to estimate the low back moments. The data 
was further fed into a biomechanical model for evaluating moments on the low back. This study, being 
the first-of-its-kind to analyze a new design of BT, provides essential implications of using the DT over the 
BT on the health and safety of nurses. 
For lifting and lowering tasks, range of motion and, shoulder and low back moments can be critical 
indicators among the risk of injuries in various body regions (Cho & Kim, 2012; Salehi Sahl Abadi &, G. Nasl 
Saraji, H. Zeraati, M. R. Hadian, 2015). Based on the objective evaluation we found that low back moment 
was higher (10.2%, p-value <0.001) while performing tasks on DT compared to BT. On the contrary, 
shoulder moment was high (12.86%, p-value <0.001) while performing tasks on BT. Despite low shoulder 
moment on DT, the range of motion for the participants’ shoulders was larger. However, the time required 
to find the instruments was substantially smaller (73.42%, p-value < 0.0001). Similarly, DT performed 
better in terms of the subjective responses reported by the participants. Results from Table 6 indicated 
that the mental demand for performing tasks on the DinamicOR was lower (32.4%, p-value <0.001) than 
for performing tasks on the BT. The tasks performed on BT were more physically demanding, strenuous 
and required more effort than DT. The temporal demand while performing the tasks on BT was high as 
compared to the tasks performed on DT. All these factors led to higher frustration levels in participants 
while performing tasks on BT, also reducing the performance score. Further the responses from the 
participants to questionnaire feedback also concurred with the results from the subjective evaluation. 
Participants voted DT as a better performer over BT by giving an average comfort score rating of 3.8 out 
of 5 as compared to 1.7 of BT (p-value < 0.0001). 
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The results of the study displayed high left shoulder moment on BT. The average moments on the 
shoulder while performing tasks on BT was 31.9 Nm, while on DT was 27.8 Nm (Table 6). The results were 
comparable to recent studies with generally similar lifting tasks, which reported shoulder moment values 
between the range of approximately 20 Nm to 30 Nm (Chen, 2014) with a payload of 12 kg from knuckle 
to elbow height (Harari et al., 2020).  
One of the reasons for higher shoulder moments on BT compared to DT (Table 6) could be relevant 
to asymmetric posture while placing the instrument trays on BT (Figure 12 (b)). Studies have shown 
asymmetric postures to increase loads on the shoulder and low back region (Picchiotti et al., 2019). The 
author reported an increase in the peak moment arm between the torso center of mass and low back, 
resulting in peak lateral shear spinal loads under asymmetric lifting conditions. Specifically, the tasks 
performed on BT (Figure 12 (b)) compelled the participants to extend their left arm straight, away from 
the body to place the instrument trays on the table. This led to having a larger moment arm of the 
participant on BT as compared to DinamicOR. The findings also depict that left shoulder moment was 
significantly higher (27.4%, p-value < 0.0001) while placing the instrument trays on level 1 and level 2 of 
BT compared to DT. Apart from the asymmetric posture while placing the instrument trays, other possible 
reasons could be the BT's fixed surface height, which might have led to the peak moment arm on the first 
two levels of BT. 
  On the contrary to the findings of the left shoulder moment, there was no significant difference 
between the range of motion for the left shoulder between the two tables (p-value > 0.05). Although 
there was no significant difference overall, a significant difference (p-value < 0.0001) was observed while 
placing the trays on level 2 and level 4 on both tables. The average value of left shoulder angle was high 
while placing instrument tray on level 2 of BT whereas low while placing instrument tray on level 4 as 
compared to DT. Irrespective of the difference, both the tables had a high average value of left shoulder 
angle while performing the tasks. Alternatively, the right shoulder showed a significantly lower shoulder 
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range of motion (p-value < 0.001) on all four levels of BT as compared to DT. This roots in the fact that 
while performing table setup tasks on BT, the participant kept the right hand close to their body in contrast 
to DT. Moreover, our observations suggest that while performing the setup task on BT, the shoulder range 
of motion was primarily due to abduction/adduction instead of flexion/extension. On the other hand, 
while performing the same task on DT, flexion/extension was a major contributor in the range of motion. 
Further, the results for the range of motion of the trunk depicted no significant difference between the 
tables while performing the tasks. However, the feedback from the questionnaire revealed a new 
dimension to the outcome. Participants had reported discomfort in their back while placing the tray on 
the first level of DT.  
The results (Table 6) for low back moments depicted that BT performed better than DT (p-value < 
0.0001). The average moments on the low-back while performing tasks on BT was 77.5 Nm, while on DT 
was 86.8 Nm. These findings were consistent with recent studies for generally similar lifting tasks, which 
reported low back moment values between the range of approximately 110 Nm to 70 Nm (Koopman et 
al., 2018; Mehrizi et al., 2017). Another study showed similar findings for the low back moment with peak 
values around 120 Nm while lifting a box of 10kg from knuckle to shoulder height (Mehrizi et al., 2019). 
DinamicOR showed significantly larger low back moments (12.76 %, p <0.001) than BT while lifting and 
placing the trays on all levels of the tables except level 2. These high moments in DT may have been 
observed due to the large external (instrument tray) weight moment arm placing the trays on levels 1, 3 
and 4 of the table. The participants had to bend more while placing the heaviest tray on level 1 on DT, 
resulting in the highest low back moment. However, on levels 3 and 4 the participants did not have to 
bend much for placing the instrument trays; the high values of low back moment were a result of the 
height of the shelves which increased the distance (moment arm) between the low back and the position 
where instrument trays were placed. 
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In speculating different potential approaches in the utilization of the DT, we recalculated the low back 
loads by eliminating level 1 from the DT and level 4 from BT. This resulted in decreased low back loads 
between the two tables from almost 50% to 7.4%. Here, we investigated the impact of not using the first 
and fourth levels of DT and BT, respectively; for example, when the number of instrument trays is small. 
Further, even though DT generally has larger peak low back moments, BT may impose a larger risk of low 
back fatigue because of the arrangement of the instrument trays on the table (Figure 12 (b)). Arrangement 
of the instrument trays on DT (Figure 12 (c)) did not require any lifting of instrument trays to remove the 
instruments during the surgery, whereas the BT tray arrangement inherently required lifting of instrument 
trays multiple times during the surgery for reaching the target instruments. Previous studies in the 
literature have linked repetitive lifting with muscle fatigue (Dolan & Adams, 1998), leading to low back 
injury and the development of WMSDs (Antwi-Afari et al., 2017). Repeating these tasks over multiple 
surgeries in a day could cause the muscles to get fatigued over time and pose a risk of injury to the lower 
back and shoulders.  
Furthermore, these findings could be coupled with our results for the time required to find the 
instrument from the instrument trays placed on both the tables during the surgery simulation task. 
Participants required 73 % more time to find the instruments from BT as compared to DT. The highest 
amount of time was spent finding the instrument from the instrument tray placed on the first level of the 
BT. This stems from the arrangement of the instrument trays on BT. Participants had to lift three 
instrument trays from the stacked arrangement (as shown in Figure 12 (b)) on BT to get the instrument 
from the bottom-most tray (i.e., first level). Participants had to perform 30 lifts more on BT than DT, which 
corresponded to the surgery simulation task where more time was spent lifting and lowering the 
instrument trays compared to finding the instruments from the instrument trays. Consequently, nurses 
would be impelled to spend 60% more time lifting and lowering the instrument trays on BT during the 
surgery than DT.  
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Additionally, the time required to find instruments on all four levels on DT ascended from level 1 to 
level 4. Perhaps, this could be related to the visibility of the instruments in the instrument trays placed on 
the table which correlates to the study done on space station instruments linking better visibility with 
lower mental demand and improved performance (Braly et al., 2019). The instrument from instrument 
trays placed on level 3 and level 4 was in the clear range of vision to the participants allowing good visual 
performance. This may have been mainly due to the arrangement of the instrument trays and the height 
adjustability feature of DT. Hence, the time required to find the instruments was low as compared to the 
first two levels. The neck flexion and postural alterations observed in the participants while finding the 
instruments on levels 3 and 4 were insignificant, whereas participants had to look down (significant neck 
flexion) and bend forward to find instruments on levels 1 and 2 of DT. It was also observed that some of 
the participants took a very long time to locate instruments from level 1 of DT in at least one of the trials. 
The drape covered on level 3 might have possibly obstructed the participants' vision to see the instrument 
tray on level 1 of the table. Another reason could be the depth of level 1, which would place the target 
(instrument tray) away and increase the viewing distance. Similarly, few participants reported difficulty in 
locating the instruments from level 1 of DT. However, the overall response regarding the visibility and 
accessibility of the instruments was positive about DT. Instruments on DT were clearly visible and easily 
accessible to the participants compared to BT. 
In terms of the subjective assessment, DT outperformed BT in all six measures of the NASA-tlx scale. 
One of the most evident reasons could be the instrument trays' arrangement (table setup) on both tables. 
The stacking arrangement (Figure 12 (b)) on BT required participants to lift and lower instrument trays 
multiple times during the surgery simulation task to locate and access specific color-coded instruments 
from the instrument tray. The effect of this arrangement translated to significantly higher values (lower 
values are better) of physical demand (p-value <0.0001), effort (p-value <0.0001) and Temporal demand 
(p-value <0.002) on BT. Unlike the setup on BT, instrument trays on DT were laid out separately on the 
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surface and at different levels/shelves. Therefore, lifting and lowering of the instruments trays to locate 
and access instruments was eliminated. The key effect of this arrangement was increased visibility and 
accessibility to the instruments during the surgery simulation task. These findings were consistent with 
the outcome for efficiency (instrument finding time). Participants found it easy to locate and access the 
instrument quickly on DT which correlated to lower mental demand value (p-value < 0.0001) and less 
frustration (p-value < 0.005). These results align with the earlier studies which have associated good 
performance with low mental stress (Tao et al., 2019; Weinger & Englund, 1990; Yurko et al., 2010b). The 
effect of DT setup was also validated through the performance measure of the NASA-tlx scale which 
showed a significantly lower value of performance (p-value < 0.002). Participants took less time to find 
the instrument and felt that they performed better on DT than BT. Besides this, the findings (from Table 
6) also depicted that there was no significant difference between the tables for female participants for all 
NASA-tlx measures except for mental demand (p-value = 0.002) and physical demand (p-value = 0.0024). 
Conversely, for male participants, a significant difference was observed for all six NASA-tlx measures. Well, 
this may be true, the measures did not show any significant difference between the genders performing 
tasks on the same table.  
In addition to the NASA-tlx measures, another subjective assessment was performed to evaluate the 
risk of injury by recording discomfort ratings (RPD) in different body regions using Borgs-CR 10 scale. The 
results (from Table 6) depicted that participants’ who performed tasks on BT had significantly high 
discomfort level in shoulder (p-value = 0.001), forearms (p-value =0.0003), low back (p-value =0.016) and 
legs (p-value =0.0001) than DT. The difference is commensurate with our findings discussed earlier where 
the arrangement of the instrument trays on BT impelled repetitive lifting and lowering of the heavy trays 
during surgery simulation tasks. Performing these tasks over multiple trials may have induced fatigue in 
the muscles of different body regions, which also supports our previous discussion about the low back 
and shoulder moments on BT and its risk of injury. Among all the assessed body regions, forearms had the 
 59 
highest discomfort rating which may have been due to the task designed to simulate the actual OR tasks 
where participants had to hold the trays for 15 seconds before placing them on both the tables (Figure 12 
(a)) during the table setup. There is evidence in the literature that supports our finding. (Asghari et al., 
2019) reported forearms to be at high risk of injury while transferring sets for table setup. This holding of 
instrument trays contributed to almost more than 50% of the total setup time on both tables. Since nurses 
perform multiple surgeries in one working day, holding heavy instrument trays for a prolonged time 
suggests that nurses may have a high risk of developing musculoskeletal disorders in the arms and wrist. 
The previous discussion emphasized comparing the two tables for risk of injury and performance 
based on the table setup. However, a discussion with OR professionals revealed that the setup of the table 
would also depend on the type of surgery since different surgeries require a different set of instruments. 
Hence, it could be inferred that the usability of the tables would depend on the type of surgery performed. 
Nevertheless, the DT still has the edge over the traditional BT because of its ability to transform from a 
multi-tier (DinamicOR) table to a traditional BT by unlocking and closing the two shelves with the help of 
a manual switch.  
What’s more, to mention is that this study is not just specific to the comparison between the standard 
BT and DT. It provides us with information about the comparison between work surface area and the 
arrangement of the instrument trays.  Having more work surface area at different heights may introduce 
some non-neutral postures. However, the arrangement of instrument trays (stacking) would require an 
additional height for placing the trays on the table along with non-neutral postures. Further, with the 
increase in the work surface area, the arrangement would be more outspread, which would reduce the 
need for re-stacking the instrument trays. Correspondingly, this will reduce the number of additional 
instrument tray lifts required for removing the instruments during the surgery. Therefore, other studies 
can refer to these outcomes, as they are generic and are independent of the specific products that have 
been compared in this study.  
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The study suggests that DT displayed better results than BT in terms of objective and subjective 
measures. Even so, the outcome also indicated areas of improvement for the DT. Referring to our earlier 
discussion, although the table had adjustable height features and instrument trays were laid out 
separately on different levels/shelves, high low back moments and obstructed visibility were observed on 
level 1 of the table. One of the reasons mentioned previously was the depth of level 1. This would require 
changes in the existing design of the table. One such recommendation could be to reduce level 1 by 
providing an angled surface and integrating a sliding mechanism to place the trays on level 1. Apart from 
design recommendations, DT could be used by switching modes based on the type of surgery and the 
number of instrument trays.  
Even though the study identified several significantly different measures, a few limitations were 
observed. For this laboratory assessment, the pool of participants included only novice participants, who 
were not experienced with the amount of lifting performed in operating rooms. Future studies could 
explore the differences in tray-loading on both tables by recruiting perioperative nurses (surgical 
technologists). This would help understand the mental and physical impact on professionals vs. the novice. 
Since the surgical technologists have OR experience and strong musculature due to their work profile, the 
outcome for the subjective assessment may change. We may observe a lower percentage difference 
between both the tables for physical and mental demands on the NASA-tlx scale and borgs scale.  
However, there may not be any significant differences for the objective assessment.  
This study could be extended further to see the effects of tray-loading in an actual OR setting and help 
us to better understand the risk of injuries among nurses and their performance since OR environment is 
very fast-paced and has inherent work pressure. In addition to this, it may also help us understand the 
impact of equipment worn by nurses (e.g., gloves, apron and surgical masks) on their performance. For 
example, for the lifting of trays, we may explore the impact of coefficient of friction and tray coupling on 
the physical aspect (i.e., muscle fatigue and risk of injury to hand) by studying the interaction between 
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the instrument tray and gloves worn by the nurses. Furthermore, conducting experiments inside OR will 
allow us to utilize complete surface area on both tables by having more sets of instrument trays, which 
may influence the outcome of the study.   
Although loads were calculated using a single link segment biomechanical model, actual muscle 
activity generated in the shoulder and low back muscles were not recorded. Our next step would explore 
using electromyography to obtain better results, such as the rate of fatigue. The study could also 
incorporate evaluation of low back and shoulder moments using a multi-link segment biomechanical 
model for more accurate results. The current study includes results based on a small sample size and 
future studies could incorporate a larger sample size for more robust results. 
5. Conclusion  
This study aimed to conduct an ergonomic assessment on the surgical instrument tables and suggest 
suitable design improvements for reducing risk of injuries and enhancing the performance of 
perioperative nurses. The study demonstrated the risks and benefits of using the two types of BTs, used 
by perioperative nurses in operating rooms. According to the results of this study, the difference between 
the low back and shoulder loads was very marginal (<15%) as participants performed the lifting task on 
the BT and DT. However, these findings correspond to the pre- and post-surgery operations of setting the 
instrument trays on both tables. The DT had the edge over the BT due to the ability to have a spread-out 
layout of instrument trays. This was reflected through enhanced visibility and accessibility of the 
instruments to the participants during the instrument finding task and eliminated repetitive lifting and 
lowering of instrument trays which was inevitable while performing the instrument finding task on BT. It 
was seen from the findings of measures like the efficiency of finding instruments and subjective responses 
also state that the DT performed better than the BT in terms of reduction in physical/cognitive demands. 
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